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Section 1 -d1-d10 isolated pairs of BDTMe radicals
The geometry of the ten isolated pairs of BDTMe radicals is displayed below (see inset for shortest S···S contacts and for crystallographic axes for pair orientation). The value of J i is calculated as the energy difference between the open-shell singlet and triplet states using two BDTMe radicals. Accordingly, all intra-and intermolecular interactions must be adequately described in order to calculate realistic energies. Therefore, in this case the use of diffuse functions is recommended. As Table S2 shows, the introduction of diffuse functions changes the numerical value of the J i pair exchange interactions but not their magnetic character. 
Section 3. Discussion on magnetic models
Simple magnetic models were tested in order to understand the magnetic behavior and, then, select the most adequate models that would offer a more realistic view of the complex 3D magnetic topology (all magnetic models must fulfill the requirement that the maximum number of radicals is 16). These simple models consist of: (1) a spin-ladder model including the two strongest ferromagnetic FM interactions J1 and J4 (Model J_1_4 in Figure S3 .1a for an 8-radical centers), (2) a model involving the π−stack J4 FM interaction and the three antiferromagnetic AFM interactions J2, J5 and J9 (Model J_4_2_5_9 in Figure   S3 .1b for a 12-radical centers), and (3) The susceptibility χT(T) curves were calculated using Model J_1_4 and Model J_4_2_5_9 that are enlarged from 4 to 12, and from 6 to 16 radicals, respectively (see Figure S3 .2 for zero field and Figure S3 .3 for 0.1 Tesla). However, they did not reproduce correctly the experimental results since they were not able to describe appropriately the 3D magnetic topology of the BDTMe crystal.
(a) (b) Figure S3 .2. Susceptibility χT(T) curves using (a) Model J_1_4 being enlarged from 4 to 12 radicals, and (b) Model J_4_2_5_9 being enlarged from 6 to 16 radicals. Further calculations of χT(T) using Model J_all were not able to reproduce the experimental data (see Figure S3 .4). Finally, two models were chosen (see Figure S3 .5a), both of them containing 16 radical molecules and the important magnetic interactions collected in Table S1 . The first 2(4+4) model accounts for 2 connected spin ladders to consider the effect of the number of π-stacked radicals (a-axis). Each spin ladder has 4-radicals along the rail direction. The second 4(2+2) model accounts for 4 connected spin ladders and is meant to explore the cooperativity introduced by J 3 . Comparison between the experimental data and the computed magnetic susceptibility χT as a function of temperature for the two models using Statistical Mechanics shows that the high temperature region is described correctly, and there is a reasonable description at low temperatures. For the 2(4+4) model ( Figure S3 .5a, top), the π-stack J 4 rail (the strongest FM interaction) and J 1 rung interactions propagate. As a consequence, the χT curve rises at higher temperatures compared to the 4(2+2) model ( Figure S3 .5a, bottom). Further, according to Figure S3 .5b, the slope of the χT curve using the 4(2+2) model resembles much more the experimental curve, although there is a temperature lag to reach the maximum χT value. Therefore, although the magnetic model has limitations, the analysis of the χT curves enables to conclude that the 4(2+2) model reproduces better the experimental results. 
